Fabrication Monitoring System 

TECHNICAL FIELD 

[0001] The present invention relates generally to manufacturing systems, and more 
particularly to a system and method for monitoring the performance of a manufacturing system. 

BACKGROUND 

[0002] In many fabricating processes, plans are generated that estimate the quantity of a 
product that may be fabricated by a specific date. The plans are used by multiple organizations 
to plan and monitor the work flow in each respective area. For example, fabricating 
semiconductor chips generally involves fabricating wafers and performing tests on the wafers or 
individual die. A fabrication plan is created to estimate the fabrication schedule and quantities of 
semiconductor chips that may be fabricated within a given time frame or on a specific date. 

[0003] The fabrication plan is utilized by a test organization to generate a testing plan. The 
testing plan generally takes as input the quantity of wafers expected to be fabricated on a specific 
date and determines the quantity of wafers that are to be tested on each day. As indicated above, 
the testing plan is very dependent upon the fabrication plan. 

[0004] Many times, however, the plans are not accurate. Large variances between the 
planned and actual values may have a significant impact on successive systems and processes. 
For example, if the fabrication plan over estimates the quantity of wafers produced on a specific 
date, then the testing system may have idle equipment or workers that could be used for another 
task. Similarly, if the fabrication plan under estimates the quantity of wafers produced on a 
specific date, then the testing system may not have sufficient equipment and/or workers available 
to process the quantity provided by fabrication in a satisfactory time frame. 
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[0005] Therefore, there is a need for monitoring manufacturing systems to measure the 
accuracy of the fabrication plans such that the fabrication plans may be updated to produce more 
accurate plans. 
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SUMMARY OF THE INVENTION 

[0006] These and other problems are generally solved or circumvented, and technical 
advantages are generally achieved, by preferred embodiments of the present invention which 
provides a method and apparatus for monitoring fabrication systems and determining the 
accuracy of the related planning systems. 

[0007] One embodiment of the present invention determines a delta-to-planned variance. A 
daily part index may be calculated as the delta between the planned quantity and the actual 
quantity for a product p on a date t by the planned quantity. A weekly part index may be 
calculated based at least in part on the daily part index. From the weekly part index, a site index 
may be calculated. 

[0008] In another embodiment of the present invention, a delta-to-actual variance is 
determined. A daily part index may be calculated as the delta between the planned quantity and 
the actual quantity for a product p on a date t divided by the actual quantity. A weekly part index 
may be calculated based at least in part on the daily part index. From the weekly part index, a 
site index may be calculated. 

[0009] The foregoing has outlined rather broadly the features and technical advantages of 
the present invention in order that the detailed description of the invention that follows may be 
better understood. Additional features and advantages of the invention will be described 
hereinafter which form the subject of the claims of the invention. It should be appreciated by 
those skilled in the art that the conception and specific embodiment disclosed may be readily 
utilized as a basis for modifying or designing other structures or processes for carrying out the 
same purposes of the present invention. It should also be realized by those skilled in the art that 
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such equivalent constructions do not depart from the spirit and scope of the invention as set forth 
in the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] For a more complete understanding of the present invention, and the advantages 
thereof, reference is now made to the following descriptions taken in conjunction with the 
accompanying drawings, in which: 

[0011] FIG. 1 is a diagram of a semiconductor wafer fabrication monitoring system in 
accordance with an embodiment of the present invention; and 

[0012] FIG. 2 is a diagram of a semiconductor wafer fabrication monitoring system wherein 
the existence of faulty dice is determined in accordance with an embodiment of the present 
invention. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0013] The making and using of the presently preferred embodiments are discussed in detail 
below. It should be appreciated, however, that the present invention provides many applicable 
inventive concepts that can be embodied in a wide variety of specific contexts. The specific 
embodiments discussed are merely illustrative of specific ways to make and use the invention, 
and do not limit the scope of the invention. 

[0014] The present invention will be described with respect to preferred embodiments in a 
specific context, namely a semiconductor fabrication plant. The invention may also be applied, 
however, to other manufacturing facilities wherein it would be useful to measure the planned-to- 
actual performance and/or the actual-to-planned performance of a fabrication process. One use 
of these measurements is to further optimize the planning process such that a more accurate plan 
may be developed. Another use of these measurements is to gain a better estimate of the 
quantities of a product that downstream processes, such as testing, may expect. 

[0015] It is noted that, unless indicated otherwise, all functions described herein may be 
performed in either hardware or software, or some combination thereof. In a preferred 
embodiment, however, the functions are performed by a processor such as a computer or an 
electronic data processor in accordance with code such as computer program code, software, 
and/or integrated circuits that are coded to perform such functions, unless indicated otherwise. 

[0016] Referring now to FIG. 1, reference numeral 100 designates a functional block 
diagram embodying features of one embodiment of the present invention. Each of the functional 
blocks identified in FIG. 1 may be separate independent systems, one or more networked 
systems, or may be combined into a single system. The functional block diagram 100 comprises 
a total order management (TOM) system 110, a fabrication planning system 112, a fabrication 
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production system 114, a test planning system 116, a test production system 118, and a 
fabrication monitoring system 120. 

[0017] The total order management system 110 provides an interface for entering order 
information in the production process. The information pertaining to the order is provided to the 
fabrication planning system 1 12 and the test planning system 1 16. For example, the total order 
management system 110 may provide the fabrication planning system 112 and the test planning 
system 116 a planned delivery date as illustrated in FIG. 1. The fabrication planning system 1 12 
and the test planning system 116 utilize the planned delivery date to generate a fabrication plan 
and a test plan, respectively, to meet the planned delivery date. Other information may be 
generated by the total order management system 110 and transmitted to the fabrication planning 
system 1 12 and/or the test planning system 116. 

[0018] The fabrication planning system 112 utilizes the planned delivery date and 
fabrication facilities information, such as, for example, past fabrication results, fabrication line 
equipment conditions, fabrication tool down notifications, resource shortage notifications, and 
the like, to generate a fabrication plan. The fabrication plan may include, for example, an 
identification of the equipment used and parts manufactured, resources needed, a fabrication 
schedule, and the like. The fabrication production system 1 14 executes the fabrication plan. As 
discussed above, the results of the fabrication production system 114 may be used by the 
fabrication planning system 1 12 to further refine the fabrication plan. 

[0019] The test planning system 116 utilizes the planned delivery date to generate a test 
plan. Additionally, the test planning system 116 utilizes a planned quantity, which may be 
calculated by the test planning system 1 16 or received from the fabrication planning system 112. 
In the preferred embodiment, however, the planned quantity is determined by the fabrication 
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planning system 112 and provided to the test planning system, thereby ensuring that the same 
planned quantity values are used by the fabrication planning system 112 and the test planning 
system 116. 

[0020] The test plan is provided to the test production system 118, which is responsible for 
executing the test plan. The test production system 118 receives fabricated wafers from the 
fabrication production system 1 14, upon which tests are to be performed. The quantity of wafers 
provided by the fabrication production system 114 may be dependent upon the customer 
requirements and the quantity of wafers actually produced by the fabrication production system 
114. For example, many times the customers specify the quantity of wafers the customer 
requires to undergo specific tests, such as circuit probe (CP) testing. Alternatively, the quantity 
of wafers provided by the fabrication system 1 14 may be a fixed percentage of the quantity of 
wafers produced or some other quantity. 

[0021] Frequently, the quantity of wafers actually produced varies from the quantity 
planned for production. Additionally, often times the planning methods used by the test planning 
system 116 and the fabrication planning system 112 are different, thereby possibly generating 
different estimates of the quantity of wafers that may be available for testing. Accordingly, it is 
preferred that the fabrication monitoring system 120 determine a planned-to-actual variance and 
an actual-to-planned variance of the quantity of wafers actually produced and available for 
testing. 

[0022] The fabrication monitoring system 120 utilizes the actual quantity produced by the 
fabrication production system 114 and the planned quantity to be produced. The planned 
quantity to be produced may be obtained from either the fabrication planning system 1 12, which 
function is generally responsible for generating the planned quantity, or from the test planning 
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system 116, which frequently utilizes the planned quantity for generating a test plan. In FIG. 1, 
the planned quantity is shown as being provided by the test planning system for illustrative 
purposes only. 

[0023] FIG. 2 is a data flow diagram depicting the steps that may be performed by the 
fabrication monitoring system 120 to monitor the fabrication system in accordance with one 
embodiment of the present invention. The process begins in step 210, wherein a new order is 
received. As discussed above, a new order is preferably generated via the total order 
management system 110 (FIG. 1) and the planned delivery date is provided to the fabrication 
planning system 112 (FIG. 1) and the test planning system 116 (FIG. 1). In step 212, a 
fabrication plan is generated by the fabrication planning system 112 and provided to the 
fabrication production system 114 (FIG. 1). In step 214, the fabrication of the wafers is 
performed. 

[0024] In step 216, a test plan is generated by the test planning system 1 16 based upon the 
delivery date and the planned quantity of wafers to be fabricated. Testing is performed by the 
testing production system 1 18 in step 218. 

[0025] After the fabrication process is complete in step 214, the fabrication monitoring steps 
may be performed. As will be described in greater detail below, a delta-to-actual variance is 
calculated in step 220 and an delta-to-planned variance is calculated in step 222. 

[0026] Regarding step 220, it is preferred that the delta-to-planned variance be determined 
by calculating a daily part index, a weekly index, and a site index. Preferably, the daily part 
index is determined as a percentage of the delta between the planned quantity and the actual 
quantity to the planned quantity for a given part p on a given date t. The daily part index may be 
used to calculate a weekly part index by averaging the daily part indexes. The site index is 
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determined for a particular fabrication site / for a given product p based upon the weekly part 



index. 



[0027] 



One equation that may be used to calculate the daily part index in accordance with 



one embodiment of the present invention is identified by Equation 1 . 
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wherein 



PId( P ,o is the daily part index of date t for product p\ 

t is the date for which the daily part index is being calculated; 

p is the product for which the daily part index is being calculated; 

PQ<p.t+k-7) is the wafer out quantity sum of product p which is 

planned to be finished on one week previous of date t, i.e., (r-7) 
according to the production plan; and 

AQ(pj+k) is the wafer out quantity sum of product p which is actually 
finished in date t. 



[0028] 



It should noted that it is preferred that the values for the planned quantity (PQ) are 



the values determined for the week prior to the date from which the actual quantity (AQ) are 



taken. In an alternative embodiment, however, the values for the planned quantity and the actual 



quantity may be taken from different dates or the same date. 
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[0029] From the daily part index (PId( P ,o), a weekly part index may be calculated for a 
product p on a given date t. One equation that may be used to calculate the part index in 
accordance with one embodiment of the present invention is identified by Equation 2. 

ttn pr 

< =1 m (Equation 2) 

wherein 

PIwp is the weekly part index for product p\ 

p is the product for which the weekly part index is being calculated; 

t is the date for which the weekly part index is being calculated; 

Ph(pj) is the daily part index of date t for product p\ and 

m is the number of days in one week for which PId( P ,o is valid. 

[0030] Preferably, the daily part index PId( P j) is considered valid whenever the planned 
quantity for the product p on date t is a positive value. In other words, PId( P ,o is valid where 

i>e ( ,, + *)>o. 

k=-\ 

[0031] A site index may be calculated based upon the planned quantity and the weekly part 
index. One equation that may be used to calculate the site index in accordance with one 
embodiment of the present invention is identified by Equation 3. 
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SI Wf % = -e* — , (Equation 3) 

wherein 

5/hj% is the site index for week Wand fabrication site f; 

PQ(p,o is the wafer out quantity sum of product p that is planned to 
be finished on dates t on which PQ( })tt ) is valid; and 

PI Wp is the weekly part index for product /?. 

[0032] Preferably, PQ( p . t ) is considered valid whenever the planned quantity for the product 
p on date t is a positive value. In other words, PQ( pt ) is valid for date t and product p if (PQ( pJ ) > 
0). 

[0033] Regarding step 222, it is preferred that the delta-to-actual variance be determined by 
calculating a daily part index, a weekly part index, and a site index. Preferably, the daily part 
index is determined as a percentage of the delta between the planned quantity and the actual 
quantity to the actual quantity for a given product p on a given date t. The daily part index may 
be used to calculate a weekly part index by averaging the daily part indexes. The site index is 
determined for a particular fabrication site / for a given product p based upon the weekly part 
index. 

[0034] One equation that may be used to calculate the daily part index in accordance with 
one embodiment of the present invention is identified by Equation 4. 
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wherein 

Ph(p.t) is the daily part index of date t for product p; 

f is the date for which the daily part index is being calculated; 

p is the product for which the daily part index is being calculated; 

PQ(p,t+k-7) is the wafer out quantity sum of product p which is 

planned to be finished on one week previous of date f, i.e., (t-7) 
according to the production plan; and 

AQ(p, t +k) is the wafer out quantity sum of product p which is actually 
finished in date t. 

[0035] It should noted that it is preferred that the values for the planned quantity (PQ) are 
the values determined for the week prior to the date from which the actual quantity (AQ) are 
taken. In an alternative embodiment, however, the values for the planned quantity and the actual 
quantity may be taken from different dates or the same date. 

[0036] From the daily part index (PId( P j))> a weekly part index may be calculated for a 
product p on a given date t. One equation that may be used to calculate the weekly part index in 
accordance with one embodiment of the present invention is identified by Equation 5. 
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«ii>=£— ^ (Equations) 

r=l m 

wherein 

P/v^, is the weekly part index for product p\ 

p is the product for which the weekly part index is being calculated; 

t is the date for which the weekly part index is being calculated; 

PId(pj) is the daily part index of date t for product p\ and 

m is the number of days in one week for which PId( P ,o is valid. 

[0037] Preferably, the daily part index Ph(p,o is considered valid whenever the planned 
quantity for the product p on date t is a positive value. In other words, PId( P j) is valid where 

i>e (P ,, + *)>o. 

[0038] A site index may be calculated based upon the planned quantity and the weekly part 
index. One equation that may be used to calculate the site index in accordance with one 
embodiment of the present invention is identified by Equation 6. 

m 

SI wf % = — — , (Equation 6) 

wherein 

Slwflc is the site index for week Wand fabrication site/; 
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AQ(p t o is the wafer out quantity sum of product p that is actually 
finished on dates t on which PQ( pJ ) is valid; and 

PIwp is the weekly part index for product p. 

[0039] Preferably, PQ( pt ) is considered valid whenever the planned quantity for the product 
p on date t is a positive value. In other words, PQ( Ptt ) is valid for date t and product p if (PQ( Ptt ) > 
0). 

[0040] Although the present invention and its advantages have been described in detail, it 
should be understood that various changes, substitutions and alterations can be made herein 
without departing from the spirit and scope of the invention as defined by the appended claims. 

[0041] Moreover, the scope of the present application is not intended to be limited to the 
particular embodiments of the process, machine, manufacture, composition of matter, means, 
methods and steps described in the specification. As one of ordinary skill in the art will readily 
appreciate from the disclosure of the present invention, processes, machines, manufacture, 
compositions of matter, means, methods, or steps, presently existing or later to be developed, 
that perform substantially the same function or achieve substantially the same result as the 
corresponding embodiments described herein may be utilized according to the present invention. 
Accordingly, the appended claims are intended to include within their scope such processes, 
machines, manufacture, compositions of matter, means, methods, or steps. 
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